Both groups shared similar demographic characteristics and activity duration. At T2, the serum COMP level of the experimental group was significantly higher than that of the control group, but the serum HA level of the experimental group was significantly lower than that of the control group. No significant difference between the serum WF6 levels of the experimental and control groups was observed at T2.
I NTRO D U C TIO N
The circulation pattern of cartilage biomarkers has been analysed in various pathological conditions, including osteoarthritis, rheumatoid arthritis and traumatic injury. The relationship between various degrees of load intensity in the physiological condition and the circulation pattern of biomarkers has also been addressed in order to determine the reliability of each biomarker. (1) (2) (3) This is an important step in the validation process of biomarkers, prior to their use in clinical application. Furthermore, the sensitive relationship between minor changes in cartilage structure and serum biomarkers could be used for optimising activities to prevent long-term unfavourable consequences due to subclinical damage.
An inclined pathway is generally encountered in daily movements and favoured in recreational activities. It is frequently used by distance runners for muscle strength training and to improve their aerobic activity. However, knowledge regarding the consequences of uphill walking on articular cartilage is limited, and the circulation pattern of cartilage biomarkers in response to long-distance walks up an inclined pathway has never been studied. Biomechanical studies have reported that the joint reaction forces across the hip, knee and ankle joints were significantly increased during movement on an inclined pathway. (4, 5) The load when walking up an inclined pathway is larger than when walking on a horizontal pathway. This is because during a walk up an inclined pathway, there is a higher degree of joint moment and kinematic response, as substantially increased hip flexion and anterior pelvic tilt is needed to raise the body's centre of mass in a vertical direction to raise the foot. Knee dynamics display characteristics associated with raising and lowering the body weight, as well as the demand on ankles for a larger range of motion and strength. (4) In this study, the circulation pattern of cartilage biomarkers due to a long-distance uphill walk was investigated. The study comprised two similar demographic groups that complied with either an uphill or horizontal walk under a fixed distance and duration, and a controlled degree of inclination. The circulation pattern of three potential biomarkers of cartilageserum cartilage oligomeric matrix protein (COMP), serum chondroitin sulfate-WF6 (WF6) and serum hyaluronic acid (HA) -were studied for a 24-hour duration, including pre-and post-activity. loading at the hip, knee and ankle joints was predicted to be higher on the uphill walk than on the horizontal walk. (4, 5) The uphill walk was conducted a day before the horizontal walk, so that the average time spent during the horizontal walk could be controlled and made similar to the duration of the uphill walk.
M E TH O DS
All participants were advised to avoid any vigorous activities, including sports and running, two days before the experiment, and they were admitted into the research centre the night before the experimental date. A fasting morning serum was taken at 
RESUlTS
The participants in the control group (n = 24) and the experimental group (n = 58) shared similar demographic characteristics and basic laboratory parameters, including age, gender ratio, body mass index, white blood cell count, and haemoglobin, serum creatinine, aspartate transaminase and alanine transaminase levels ( Table I ). The average walking durations of the control and experimental groups were 172 ± 8 mins and 174 ± 25 mins, respectively.
The biomarker levels measured are presented in Table II .
While the serum COMP levels between T1 and T2, T2
and T3, and T1 and T3 were not significantly different in the control group, they were significantly different in the experimental group (Figs. 1a & b) . When the serum COMP levels of the control and experimental groups were compared at each time point, the serum COMP level at T2 was found to be significantly higher in the experimental group than in the control group (Fig. 1c) . No significant differences were found for the other time points (i.e. T1 and T3).
Within the control group, the serum WF6 levels between T1 and T2, T2 and T3, and T1 and T3 were not significantly different (Fig. 2a) . However, within the experimental group a significant difference was detected between T1 and T3 (Fig. 2b) . No significant difference was observed between the serum WF6 levels of the control and experimental groups at all time points (i.e. T1, T2 and T3) (Fig. 2c) .
The serum HA levels between T1 and T2, T2 and T3, and T1 and T3 within the control group were not significantly different (Fig 3a) . In the experimental group, however, the serum HA levels between T2 and T3 was statistically significant (Fig. 3b) . When the serum HA levels of the control and experimental groups were compared at each time point, the serum HA level at T2 was found to be significantly lower in the experimental group as compared to the control group (Fig. 3c) . No significant differences were found for the other time points (i.e. T1 and T3).
D I SCU S S IO N
Some cartilage components are released into the synovial fluid and circulation when the articular cartilage is exposed to load. (8, 9) While the patterns of component release have been addressed in cartilage explanted models, the levels of cartilage components in circulation in response to physiological activity are unknown. (10) (11) (12) Physiological susceptibility to load during an activity involving an inclined plane can be represented by comparing the serum biomarker levels of individuals walking on an inclined pathway with that of individuals walking on a horizontal pathway, under controlled variables. Changes in the dynamics of the lower limbs with respect to inclined angles have been described in a biomechanical study. (4) Hip flexion, knee flexion and ankle dorsiflexion at heel strike increase when walking uphill. Greater joint moments and powers due to change in the angle of incline have also been reported. (4, 5) In order to maintain speed when moving up an inclined surface, Gottschall and Kram (13) reported a significant increase in the propulsive ground reaction force during uphill locomotion, which would result in a greater shear force acting along the lower limb joint surface.
In our study, a higher circulating serum COMP level from baseline was detected immediately after both the horizontal and uphill walks (the increase was not significant for the horizontal walk), and the serum COMP level was significantly higher in participants who did the uphill walk than in those who did the horizontal walk. This increase in serum COMP level did not last for more than 24 hours after the activity. Serum COMP level is sensitive to the load that increases due to the body being raised in a vertical direction. Changes in serum COMP level was also reported in other hyperphysiological activities, including weight-bearing exercises, running and marathon running. (3, 14, 15) The increase in COMP level was 200 km). (3, 15) Table III shows the comparative information of the specific physiological activities that affect serum COMP level. Sustained high serum COMP level was found in progressive extracellular matrix degradation due to impact injury or joint instability. Kühne et al found that serum COMP levels were significantly elevated in both early (less than two months after injury) and late (more than two months after injury) presentations of traumatic knee injury. (17) Currently, there is scant literature regarding changes in proteoglycan levels (from either synovial fluid or serum) with HA is a high-molecular-weight glycosaminoglycan composed of extracellular matrix structure, and serum HA has been extensively studied as a biomarker for osteoarthritis. (21) Increased serum HA level is an indicator of synovial inflammation and cartilage degradation. In the present study, serum HA had a similar pattern of change in both the control and experimental groups; the serum HA levels of both groups decreased immediately after the activity (i.e. T2) and returned to the baseline level 20 hours after the activity (i.e. T3). At T2, the serum HA level of the experimental group was significantly lower than that of the control group. This change in the serum HA level (i.e. a decrease) was opposite to the change observed in the serum COMP level (i.e. an increase). The temporary change in the level of serum HA depends on the pharmacokinetic change in HA level due to physiological response rather than cartilage structure change. (22) (23) (24) The extravascular pool of HA from the lymphatic circulation can be rapidly transported into the circulation during exercise (enhanced during muscular contraction); it can also be transported into the circulation from the pulmonary lymph flow when induced by hyperventilation. (25) A previous study reported that the magnitude of post-exercise serum HA clearance was proportional to the exercise-induced increase in serum HA, which is related to the level of exercise intensity. (26) This was also demonstrated in the present study, where HA level was found to be susceptible to activities with a higher load intensity.
An optimal load provides nutrition and enhances metabolic homeostasis to cartilage tissue. It is also necessary for cartilage generation and healing. An increasing load on the weightbearing joint results in various degrees of subclinical change to articular cartilage. Based on the findings of the present study, the circulation pattern of serum biomarkers could have a possible role in the prediction of cartilage susceptibility to load during uphill walks; it could also be used to follow up on the subclinical changes of cartilage structure with further exploration. One limitation of the present study was the fact that the level of serum biomarkers was not monitored beyond 24 hours. This information could be an important contribution to the knowledge regarding serum biomarker susceptibility in uphill loading.
In conclusion, the uphill walk in this study resulted in an overall increase in the joint reaction forces across the articular cartilage of the weight-bearing joint. Serum COMP and HA were found to be sensitive for detecting changes in the intensity of the load, whereas there was no significant change in the serum WF6 level. The increased level of serum COMP could represent the susceptibility of articular cartilage to increasing load. An unsustainable, high serum COMP level and an undetectable change in serum WF6 level were considered to be a reversible physiological change of the articular cartilage. On the other hand, the change in the level of serum HA was related to intensive physical activity and dynamic clearance rather than change in cartilage structure.
